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EXHffimPn!AL HBSKABCH ON WAVE GUIDB TROEERTIBS OF A MTUIPOIAR FIUZR 


by 7* Y. Potemkin 

figures are appended^ 

Introduction 

Ircm the olaa^ioal work of Rayleigh, vr know that a stationary wave process 
In acoustic and electromagnetic way© guides nay he regarded as a superposition 
of cr&ina of various natural waves, each with its own phase velocity and frontal 
aaplitude distribution • 

Since, starting with Stum /I7, algebraic expressions In the fora of chains 
and network* ftj consisting of discrete elements have furnished one of the main 
methods of e v u3ying the distribution systems, it is natural to use then iu re- 
search on mve gulden/ 

The first experimental efforts along this line were made by Ameri cana J^J 
tut, in our opinion, without theoretical consideration or discovery of natural 

waves* 

Ve decided to use as models of wave guides the so-called chain 2H -polar 
filters with compartments having H- Inlet a and B-outlets, which made generalised 
network models * 

The theory of wave processes In chain multipolar filters was introduced by 
P« X. Sraanuahkln In 19^3* Th* purpose of this article Is to confirm Ms theo- 
retical conclusions, eapeolally with reference to the existence of different 
types of waves, the phenomenon of dispersion, looking, band filtration, space- 
pulsating phenomena and other effects described below* 

Theoretically, a symmetrical 2 (*-fl) -polar filter admits the existence of 
If different types of waves, being algebraic expressions for the first V types 
of natural waves iu a wave guide* 
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As the easiest system attainable by experiment ve chose a nhaln 6-polar fil- 
ter (Figure 1), which would imitate the properties of the first two wave types of 
an acoustic wave guide. 

A* Main Aspect $ of the Theory 

The equations describing stationary wav© processes in such a multipolar fil- 
ter are : 

Cv,«- ')-v, m]-[v,(k)-^(k^l)]~L, 

The general solution of thee® equations gives two different natural waves: 

. , — A i Ctut-A-a.**) *-> w *. -* .v -..•/* v - * 

*i — /ie • ' «*- Ue iKW *~W* 

Ki” k , Aa. tM ^-h k, k a Ce i(w t-W>-bk z MNW, 

v— 0,1,2..., ' 2 

which nay algo be called normal if ve carry out the spao®-tisie analogy between 
wares and oso illations of connected pendulums (see C) £[J. 

^ In expression (2) each normal ware is described by two expressions, as it 
can b® radiated in two directions » * 

(10) nvmberB kl 8114 *2 ar ® found according to general formula 

T * 2 —(**»£-*-*/*■§■“) £ - sin&L) 3 -*.^' \ t , ( 3 ) 

md hi and kg are the coefficients of the amplitude distribution of normal waves: 
they ar® found by 9 

k >> =ik l l sln -?- s " £'* w 

Sere the following notations ar© introduced: 

V-zfrAi-Tj; sin 4-L,C t u>*~fcsi*g-L A Ci»*-fa. 

^ the above system b© coneidored as two chains arranged in parallel and 
consisting of the usual four -polar filters interacting on eaoh other through the 
induotaace Lq, then f and p^may be caUed war© numbers of parallel systems 
i see B ) f^J • 

. x.® 16 By * tea obtained from our chains of multipolar filters by grounding one 
ofthem is a parallel system in this case. lb Is definition of a parallel eyetem 
permits a concept of coupling of the systems by analogy with Mandel’shtam's co- 
efficient of coupli^: 
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ve excite, respectively, waves of the first and second type, which are distin- 
guished by the dependence of vav© numbers ^'and on frequency and forms of 
amplitude distribution. In accordance nth (4), in a wive of the first type 
both elements of the cmpartment oscillate in phase; and in the second wave type, 
in antiphase; hence we shall call them "symphase" and "antiphase Th© phase 
Telocity of propagation is less in symphase than in antiphase waves * 

If we take a symmetrical filter with parameters’ Cl == Cg and Ig, these 
wave types will appear aa algebraic express ions of the first and second wave of 
an acoustic wav© guide* 

B* Experimental Installation 

Figure 2 photograph net reproduced/ shows the multipolar filter, made of 
honeycomb induction coils and variable condensers, adjusted with a precision 
correct to 0*5 percent* It was used in this experiment* v 

A constant elec tr emotive force was maintained at th© Input of the chain by 
means of a push-pull generator, connected with the filter on the same principle 
as a stepdown au t otr an s former, A double-track generator outlet was used to ex- 
cite antiphase waves* 

A has io experimental difficulty consisted in attaining r unning wav is in a 
real ten -link chain in a wide -frequency range simultaneously for both wave types* 
9his was done by applying voltage v, and v„ from a high-frequency generator to 
the first compartment (n« 0), in accordance with ratio (6), and the capacities 
of the following 5 or 6 filter links were shunted by a series of resistances, 
decreasing mouotonically from hundreds of thousands to hundreds of ohms at the 
free terminal of the chain* (Figure 3)** This "wedge" of resistances resembles 
a medium *ith an attenuation with smoothly varying properties, due to which there 
is no refkeotion and the wave is completely absorbed. Its effect is cimiUr to 
the effect of a wedge applied in practical wave guides. With the help of this 
wedge a run of the order of 95 to 97 percent was obtained in a wide frequency 
range for both wave types and the existence of running symphase and antiphase 
waves was corroborated through the phase and amplitude distribution along the 
chains* 

Figure 4 shows the phase distribution along the filter links for a running 
wave recorded by an oscillograph for a fixed frequency &?, and the amplitude 
distribution of voltages measured in the links of the filter by a TXB-type oath- 
odm voltameter. Measures were taken for a filter with parameters Li= lo *■ lb5 MSi 
C 1= C s =165^Fj L o =300/iH- 

, ‘loo pw- oocorif; : 

V 7-‘ ' ’ J^les r-v 

Aa may be seen from Figure 4, the change in phase of a wave in moving along 
tbe filter, as determined oscillographloally from Llssajous 1 figures, may serve 
as a rough measure of the dependence of phase velocity on frequency. 

C. Dispersion of Normal Waves* Locking Phenomenon 

In studying the dispersion that Is, the dependence of ^ oc w , the ver- 
tical wave method gave more exact measurements than the LissaJ one-figure method* 

To receive vertical waves the multipolar f 13 ter was loaded with reactive 
resistances. 

tti* experiment was conducted In the following way* The generator frequency 
was varied until the coupling was adjusted to resonance as registered by a oath- 
ode voltamecer connected with any filter. 


aSJMui 
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If th© terminals of the links were loaded with considerably lepa resistance 
than the wave reGistance, when there was resonance in its length- an integral num- 
ber of halT -wares was piled up, ' 

determined by plotting the curves of voltage distribution in the 
link far resonance frequencies against interaodal distance. Frcsa these data a 
graph of <f (oj was made, As may be seen from Figure 5, th© results obtained in 
a filter vith the below-mentioned paramo tore corroborated the theoretical calcu- 
lations given by formula (3). - -* - 

Thanks to the discreteness of the chain, bo th type s of waves had threshold 
frequencies of and 9 above which no wave pro- 
cess exists « yiC JLC £c 


fLC 4C 


^abreak in its propagation at frequencies lover than th® critical, t 
^HSS 18 tt specific characteristic of the antiphase wave. This phehasenon 
is analogous to the^effect of "locking" in vave guides /|7 and in acoustic tubes 
fox Vovw type II, xaie phenomenon does not occur in eyaphae© waves. 
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ace Pulsations 


Another interesting fact which requires experimental proaf was th® appear- 
ance of space pulsations. If both types of running waves are excited, as a re- 
sult of their ^^ superposition and thanks to the difference in phase velocity, apace 
pulsations are generated analogously to the time pulsations of two connected 
pendulums. 

In fact, on the basis of formula ( 2 ), provided that (p'~= rn u , it follows 
from solution (1) that* r t 

v,= Foot &n*> ( '" t ~* n h 




VlcpJ +>/i(p x t * 

^ ?*“ //$/ ~~Vf<paJ 9 

It may, therefore, be considered that one vave travels in a chain, the 
energy of vhiot swings periodically from oco partial system to another. 

To receive spec© pulsations, one of the capacities of the first o experiment 
n« 0, for instance Cg, is grounded and a seoond capacity has imjffssstd a sinus - 
o^dal voltage* At th© outlet of the multipolar filter a wedge le placed to pro- 
vide a run for both types of vaves . If the coupling between the filter* through 
the indnotanoe tg tends to vanish, a wave would be propagated only in the first 
fraotlonal 4 -pole catenary* 

Because of the coupling Io a swing in the energy was observed with the space 
frequency equal to the normal wave frequency <& — <p f . Pulsations were deter- 
mined by plotting the voltage distribution curves in the filter. 

Ih the identical fractional filters C 2 and tq**I^a complete swing 
of energy occurred. 

®ie table shows the theoretical and experimental dependenoe of epaoo -pulse >■ 
tion cyoloa on frequency plotted for a filter of 26 links with the pemeters 
previously given. 
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Table of Dependence of Space -Pulsation Cycles on Frequency 


(A stage is expressed by the number of compartments) 



Slap© the chain, Lg and C.,— C 2 , is characterized "by a coherence limited 
in fore©, both wares will occur in both systems with identical amplitudes* A 
chain in which Ci*jfe=C 2 and I^^fel^ is of course mare general <> 

Here the method of measuring the dependence of the coefficients k on fre- 
quency consists of selecting, at a given frequency cy , an amplitude distribution 
at the input-^A- such that space pulsations vanish in it. In accordance with (5), 
thiB relation ’is equal to the distribution coefficient k. Figure 6, a shows the 
result of measuring k (to) for a filter consisting of 10 links with parameters Cy* 
100/j^ F, 02 ^200/1^ F, Li*— 1^5/4 H, Ic—300/t H, Io«30C/iE. Figure 6 gives 
two frequency <*r^ae 0 —1.2 Megacycles per second and 1. 93 2*f megacycles per 
second; in area I the symphase wave does not fade, but the antiphase wave fades, 
fluid vice versa in area II . Consequently, regardless of the excitation force in 
the chain, oily symphase waves will occur in area I aad only antiphase wares in 
area II in the case represented by Figure 6. The experimental curves <p (to) for 
both waves are shown in b of Figure 6. 

' The case when la considerably greater or less than C 2 differs from the 
case where Class Cp amd Lrj==. 1^ also in that its coupling coefficient M({5) has 
nail valued and normal wave numbers close to the corresponding fractional poors 
(shorn in b of Flguro 6 by the dotted line (see B) /J7* .Vr| • ’■ 

vc' By selecting the parameters of i filter and the coupling oodiSSH^rtt is 
possible to divide t*ie frequency t. as -i for symphase and antiphase waves, 
the "looking" frequency for antiphase waves higher than the limited frequency of 
a symphase wave. 

Bn this case, regardless of the excitation force^ the chain of a multipolar 
filter appears to be a band filter fa every type of normal wave (eeCiBI '/!/• 

This phenomenon was discovered in the ten-compartment filter described abe\e. 

The mea su r em e n ts demonstrated that, in the frequency interval 0-?8C kilo- 
cycles per second « symphase wave occurred, an antiphase wave fkom 1.6 to 2.8 
megacycles per second and that wave processes were absent in the interval from 
980 kilocycles pei second to 1.6 megacycles per second which coincides within 
peroent with the calculated data. 

*• take the opportunity %o express our thanks to Professor P. X. frascush- 
kln for his guidance and all in our work. 


/f 
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Figure 1* Dlagran of a chain filter m ado of six poles with 
c&pacltias and Cg and inductances I*oj L Q . 




L 



Figure 3. "Wedge" of resietance Bi>H 2 >Hx>»i. >Hc, 

decreasing towards the free terminal oFthe chain. 
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Figure k. Phase {I, 71, III) and amplitude (IT) distrihutlon 
curves at filter links for a running wave • 

Is ▼■■fclO kilocycles per second; Us 
kilocycles per second; Ills t— 720 kilocyolee 
per second. 
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Figure 5. Curves shoving the dependence of normal wave numbers 
tfi and^ on frequency co for oymphase tp c (to) 
and antiphase (p^ (&/) vaves; the experimental curve 
is shown hy unbroken lines, the theoretical by dashes 
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Figure 6. 


02 tTTTu u X iz Jf itiSitficyd^smc 

"a" ie the experimental curve of the dependence of 
the coefficients of amplitude distribution of normal 
v&vee ki (co) and k 2 (a>) on frequency; 

"b" gives curves (cu) and (a>) ; I is the area of 
antiphase vave dfmping; II is the area of eyapbase 
vave damping. 
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